Objective Mobile health (mHealth) interventions may improve diabetes outcomes, but require engagement. Little is known about what factors impede engagement, so the authors examined the relationship between patient factors and engagement in an mHealth medication adherence promotion intervention for low-income adults with type 2 diabetes (T2DM). Materials and Methods Eighty patients with T2DM participated in a 3-month mHealth intervention called MEssaging for Diabetes that leveraged a mobile communications platform. Participants received daily text messages addressing and assessing medication adherence, and weekly interactive automated calls with adherence feedback and questions for problem solving. Longitudinal repeated measures analyses assessed the relationship between participants' baseline characteristics and the probability of engaging with texts and calls. Results On average, participants responded to 84.0% of texts and participated in 57.1% of calls. Compared to Whites, non-Whites had a 63% decreased relative odds (adjusted odds ratio [AOR] ¼ 0.37, 95% confidence interval [CI], 0.19-0.73) of participating in calls. In addition, lower health literacy was associated with a decreased odds of participating in calls (AOR ¼ 0.67, 95% CI, 0.46-0.99, P ¼ .04), whereas older age (P nonlinear ¼ .01) and more depressive symptoms (AOR ¼ 0.62, 95% CI, 0.38-1.02, P ¼ .059) trended toward a decreased odds of responding to texts. Conclusions Racial/ethnic minorities, older adults, and persons with lower health literacy or more depressive symptoms appeared to be the least engaged in a mHealth intervention. To facilitate equitable intervention impact, future research should identify and address factors interfering with mHealth engagement.
BACKGROUND AND SIGNIFICANCE
Among adults with type 2 diabetes (T2DM), nonadherence to medications is common, 1,2 especially among lower-income racial/ethnic minorities. 3, 4 Medication nonadherence is associated with having worse glycemic control, 5, 6 an increased risk of hospitalizations, 2,7 premature death, 2, 7 and higher healthcare costs. 8 Despite nonadherence being more prevalent among minorities and low socioeconomic status (SES) groups, research aimed at understanding and improving medication adherence for these individuals has been limited. 9, 10 Cell phones can deliver medication adherence support to patients with diabetes. Approximately 90% of US adults use cell phones, 11 and find it essential for daily functioning. 12 In 2013, secure messaging service (SMS) text messaging was the most common cell phone activity among all cell phone users, 11 and was used equally across racial/ ethnic and socioeconomic groups. 11, 13 However, only 9% of all cell phone users have ever received SMS updates or alerts about their health or medical issues, 14 making SMS an untapped channel for supporting patients.
SMS and Interactive Voice Response (IVR; a telephone technology that automates interactions with callers) have the potential to improve a variety of health behaviors and outcomes. 15 While SMS/IVR interventions have helped hard-to-reach and vulnerable patients around the world, 16 less is known about the benefits of these interventions for low SES racial/ethnic minorities in the United States. 17 A 2014 metaanalysis of 10 SMS intervention studies for T2DM patients (n ¼ 960) reported glycemic control improved, with a 44% effect size. 17 However, only 2 of the 10 studies were conducted in the United States, 18, 19 with just one involving low SES community health center patients that improved patients' self-efficacy, but not their glycemic control. 19 Not included in that meta-analysis was a 12-month SMS intervention study that enrolled 32 African Americans with T2DM from a community health center, and found a reduction in hospitalizations and emergency room visits only among patients who engaged with the intervention for 12 months. 20 Patient engagement is critical to reaping an intervention's potential benefits, and varied use and/or nonuse may compromise intervention efficacy. While patients with diabetes rate mobile health (mHealth) interventions favorably, 21 patients often respond to less than or near 50% of an intervention's SMS texts or IVR calls. 20, 22 Given that low SES minorities with T2DM are more likely to be both nonadherent to medications and experience suboptimal diabetes outcomes, there is significant value in addressing what factors both limit and increase the likelihood of mHealth engagement among this population.
symptoms, and clinical characteristics and the probability of engaging with the intervention over 3 months.
METHODS

MEssaging for Diabetes (MED)
The MED intervention was designed to improve medication adherence among low SES, diverse adults with T2DM. The MED intervention includes three components: 1) a unique, daily, one-way text message addressing user-specific barriers to medication adherence; 2) a daily, two-way text message asking if the user took all of his/her diabetes medications for the day, requesting a "yes" or "no" response; and 3) an automated weekly IVR call. The call consists of user-specific adherence feedback based on a user's weekly aggregated responses to the daily, two-way text message inquiring about daily adherence, an encouraging message, and a series of problem solving questions intended to promote future adherence successes. The text message content and feasibility of MED was previously tested in a usability study, resulting in refinements and improvements to the intervention. 25 We used the SuperEgo mobile communications platform to tailor text messages based on integrated patient self-report of barriers to medication adherence, and to tailor the timing of text and voice communications based on participant preferences, 23 communicate with Twilio V C to send text messages and integrate voice communication for the IVR functionality, calculate users' barriers to adherence for the focus of communications, calculate weekly adherence rates from text messages used in the IVR feedback, and collect all mobile text and voice responses. 24 Leveraging the voice and SMS text messaging capabilities shared by all cell phones has the ability to reach the broadest range of cell phone users and has been shown to be a feasible and reliable modality for intervention delivery and data collection. 24 
Sample and Recruitment
We conducted this research as part of a pilot study evaluating initial efficacy of the MED intervention on improving medication adherence and glycemic control among adults with T2DM. Participants were recruited from a Federally Qualified Health Center (FQHC) in Nashville, Tennessee. Through advertisements and assistance from clinic staff members, 80 eligible adult patients were recruited to participate in the study and completed informed consent (see Figure 1 ). Eligible patients were at least 18 years of age, English-speaking, diagnosed with T2DM, prescribed diabetes medication(s), owned a cell phone with SMS capability, and had a Social Security number. Exclusion criteria included a pre-existing diagnosis of dementia, auditory limitations (a requirement for IVR engagement), and the inability to see and respond to text messages. The Vanderbilt University Institutional Review Board approved all study procedures prior to enrollment.
Data and Procedures
At baseline, research assistants (RAs) administered informed consent to interested and eligible patients in a private clinic room. RAs verbally administered survey items and response options to collect patients' selfreported demographic and health information (e.g., age, race/ethnicity, insulin status, years/months since a diabetes diagnosis), responses to widely used measures of health literacy and depressive symptoms, and responses to a barriers to medication adherence assessment. A clinic phlebotomist performed a blood drawn hemoglobin A1c (A1C) test to assess participants' glycemic control. We included participants' A1C results in our characterization of the sample.
Following the assessment, RAs entered participants' responses to items assessing medication adherence barriers into SuperEgo's webbased form, which identified each participant's top 3 barriers to medication adherence out of 17 barriers based on response frequencies, and then delivered daily, one-way text messages to address each of these barriers. For the next three months, participants received daily and weekly MED intervention components (see intervention description above). During this time, RAs contacted participants monthly to reassess participants' barriers to adherence, input these data into SuperEgo's web-based form, which would, in turn, update a participant's top 3 barriers to adherence as needed and change the intervention experience for that participant.
Over the course of three months, the SuperEgo platform tracked participants' responses to daily, two-way adherence assessment text messages and participation in weekly IVR calls. For the latter, the system tracked whether participants answered each phone call and recorded their keypad and voice responses to the problem solving questions.
Measures
Demographic and clinical characteristics
We collected self-reported age, gender, race, ethnicity, income, education (i.e., years in school), insurance status, insulin status, and diabetes duration (i.e., years/months since a diabetes diagnosis).
Health literacy
The Brief Health Literacy Screen (BHLS) assessed health literacy, 26 and consists of three items. Two items ask, "How often do you have someone help you read hospital materials?" and, "How often do you have problems learning about your medical condition because of difficulty understanding written information?" Response options range from 1 ¼ never to 5 ¼ always. The third item asks, "How confident are you filling out medical forms by yourself?" Response options range from 1 ¼ not at all to 5 ¼ extremely. Responses to the first two items are reversed, and all three responses are summed to create a score ranging from 3 to 15, with higher scores indicating higher health literacy.
Depressive symptoms
The two-item Patient Health Questionnaire (PHQ-2) assessed depressive symptoms 27 by asking how often over the past two weeks, on a scale from 0 ¼ not at all to 3 ¼ nearly every day, a respondent has been bothered by, (1) "little interest or pleasure in doing things," and (2) "feeling down, depressed, or hopeless." Responses are summed to create a score ranging from 0 to 6, with higher scores indicating more depressive symptoms.
Engagement.
We assessed participants' engagement with the intervention in two ways: responses to daily, two-way text messages, and participation in weekly IVR calls. Over the course of the intervention, participants were sent a total of 84 daily, two-way text messages (one text per day for 12 weeks) requesting a response of "yes" or "no" if all diabetes medications had been taken on a given day. We defined text message engagement as any participant response, including "yes," "no," or a different, unsolicited response. If a participant did not respond, it was coded as non-engagement for that day. The primary goal of sending the two-way text messages was to get an accurate assessment of participants' daily adherence. Because of within-and between participant variability in the time of day they took their medications, we allowed participants to respond to the two-way text message at any time. All sent messages were time-stamped and each response was linked to the original sent message through a message thread. Participants could identify when the text message was sent through the message content (e.g., "On Mon, Feb. 25, did you take all your diabetes meds?"). Because the messages did not expire, participants could have responded to texts sent on a previous day. This allowed the possibility of participants responding to multiple messages at one time. However, 87.3% of sent text messages were responded to within 24 h and 8.7% were responded to within 48 h.
Additionally, participants received a total of 11 weekly IVR calls (one call per week for 11 weeks). If a participant missed the call, the system called back, one time, 1 h later. Additionally, a participant could call the system back before midnight to listen to his/her individualized adherence feedback and answer the call's three problem solving questions (i.e., why were you successful taking your medications last week? and unsuccessful? and did you experience any technical issues receiving text messages?). After midnight of the day an IVR call was made, a participant could no longer listen to or respond to that week's IVR call. We defined IVR engagement as answering (or returning) the call and providing a response to at least one of the three problem solving questions. If a participant did not both answer/return a given IVR call and provide a response to at least one question, it was coded as non-engagement for that week.
Analysis
Sample demographics and clinical characteristics were described using means and standard deviations ( 6 SD), medians and interquartile ranges (IQR), or frequencies and percents as appropriate. Text responses were recorded daily and call participation was recorded weekly. The range of possible text responses was 0-84 (days) and the range of call participation was 0-11 (weeks). In univariate analyses, we calculated the rate of text responses and call participation by dividing each participant's number of responses by the total number of calls/texts that he/she was sent throughout the course of the intervention. We applied two separate multivariable longitudinal binary response regression models to assess the association between observed patient characteristics and two outcomes: text responses and call participation. Predictors for the repeated measures logistic multivariable regression models included demographics (age, gender, race, and income), health literacy skills, depressive symptoms, duration of diabetes, and time (number of days for the text response model and number of weeks for the call participation model). Education was not included in the model because of potential collinearity with health literacy (Spearman's rho correlation ¼ 0.48). Robust covariance standard error estimates (i.e., Huber-White sandwich estimator) were applied to account for clustering of data (repeated measures). 28 We modeled age as a flexible smooth parameter using restricted cubic splines and graphically displayed the relationship with probability of text response after adjustment for covariates. All statistical analyses were performed using R version 3.1 (R Core Team, R Foundation for Statistical Computing, Vienna, Austria).
RESULTS
We enrolled 80 adults diagnosed with T2DM (see Table 1 ). The sociodemographics of the sample was comparable to the sociodemographics of the sample of patients from our prior work at this FQHC that was representative of the clinic population. 29 The current sample was on average 50.1 6 10.5 years old; 54% were female, 69% were non-White (90.9% African American; 7.5% Hispanic.). Nearly twothirds (70.1%) had annual household incomes less than $20 K; 56.3% had less than a high school degree or equivalent; and 82.5% were either uninsured or had public insurance. The sample's average A1C was 8.2% (67 mmol/mol) 6 2.0%; 62.5% had suboptimal glycemic control (A1C 7.0%); and over half (63.8%) were prescribed insulin. Of those enrolled, 3 participants dropped out of the study during the 3-month intervention; 2 participants said they were annoyed with the text messages, and 1 participant passed away from reasons unrelated to the intervention.
On average, participants responded to 84.0% (IQR: 80.8-96.3%) of the two-way text messages and participated in 57.1% (IQR: 32.1-86.2%) of the IVR calls. In multivariate analysis, participants' gender, race, income, health literacy, diabetes duration, and time exposed to the intervention were not associated with responding to text messages. Additionally, participants' age, gender, income, depressive symptoms, and diabetes duration were not associated with IVR call participation. Age had a non-monotonic relationship with text responses (P nonlinear ¼ .01) such that the probability of responding to texts tended to increase from about age 25 until roughly age 50 years, and then appeared to decrease as age increased (see Figure 2) . Participants' race was significantly associated with IVR call participation (P < .01). Compared to White participants, non-White participants had a 63% decreased relative odds (AOR: 0.37, 95% CI, 0.19-0.73) of participating in IVR calls. Health literacy was another predictor of IVR call participation (P ¼ .04). For an IQR (15-11) of four points difference on the BHLS, participants had a 33% decreased odds (AOR: 0.67, 95% CI, 0.46-0.99) of participating in the IVR calls. Depressive symptoms were marginally associated with the probability of text responses. For an interquartile range difference on the PHQ-2 of two points (IQR: 0-2), participants had a 38% decreased odds of responding to texts (AOR ¼ 0.62, 95% CI, 0.38-1.02) (P ¼ .0594). Time exposed to the intervention was significantly associated with IVR call participation (P ¼ .01), such that participation appeared to decrease following the fifth week of using the intervention (see Figure 3 ).
DISCUSSION
We designed an SMS-and IVR-delivered mHealth intervention to improve medication adherence among low SES, diverse adults with T2DM, called the MED intervention. Patients used this intervention for three months, and we measured and assessed the relationship between patient factors and responses to daily two-way text messages, and participation in weekly IVR calls. The relationship between patients' age and text responses was nonmonotonic, such that the likelihood of responding to texts appeared to increase from age 25 until roughly age 50 years and then decreased beyond age 50 years. Non-White participants had a lower likelihood of participating in IVR calls relative to Whites. Participants with lower health literacy also had a lower likelihood of participating in IVR calls than participants with higher health literacy, and participants with more depressive symptoms had a lower likelihood of responding to text messages compared to participants with fewer depressive symptoms.
There is a small, but growing literature reporting on patient factors associated with engagement in technology-delivered diabetes interventions. For example, among adults with Type 1 diabetes and T2DM, being older, 30 having more education, 31 and being diagnosed with The association between participants age and the probability of responding to two-way text messages Note: We used repeated measures logistic regression to assess the association between age and probability of text response with adjustment for covariates and clustering. Age was included as a non-linear term using restricted cubic splines.
Figure 3:
The association between time exposed to the intervention (in weeks) and the probability of participating in IVR calls Note: We used repeated measures logistic regression to assess the association between time and probability of call participation with adjustment for covariates and clustering. 30 has been associated with more engagement in Internet-and SMS-delivered interventions for blood glucose monitoring and diabetes self-management. Moreover, in a recent 3-month IVR-delivered intervention to promote self-management of chronic conditions, including diabetes, participants aged 18-65 had a roughly constant (50%) probability of participating in IVR calls, but after age 65 this probability declined sharply. 22 Older age has been associated with more engagement in health information technologies; 30, 31 however, this relationship is not always monotonic. 22 In our study, the probability of engagement indicated by responses to texts appeared to increase with age from about 25 years to 50 years. After age 50, the relationship reversed, with a lower probability of responding to texts with increasing age. This finding aligns closely with recent research reporting mobile phone usage wanes after age 50, with individuals 50-64 years of age engaging in half as many mobile phone activities as those 30-49 years of age.
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While there appears to no longer be a digital divide in owning a cell phone with SMS and voice communication capabilities and using SMS, 11, 13 non-Whites were less likely than Whites to use voice communications as part of our diabetes mHealth intervention. Different factors impact the engagement of minorities with T2DM in diabetes interventions, including culturally competent approaches. 32 A recent review suggests cultural adaptations of interventions (e.g., tailoring content to cultural attitudes/beliefs) may be an effective strategy for increasing minority engagement. 33 Although the MED intervention included tailored content addressing patient-specific barriers to adherence, it did not address population-specific barriers to adherence that may include cultural nuances. Not accounting for such nuances might have diminished the engagement of minorities.
Based on ours and others' previous research, 13, 31, 34 adults with T2DM and lower health literacy tend to be less engaged in Internetand mHealth-delivered interventions. Mayberry et al. 35 found that leveraging family members may help overcome barriers to using technology for adults with T2DM and lower health literacy. In our study, we did not examine the influence of family members on patients' mobile phone use, but it is possible family members' support for bridging the digital divide may act as a moderator of the relationship between health literacy and engagement with a technology-based intervention. In other words, in the presence of instrumental support for using technologies, health literacy might not be associated with technology use.
In the MED intervention, depressive symptoms were associated with a lower likelihood of responding to text messages over three months. In a review examining engagement with Internet-delivered interventions for depression, higher rates of baseline depression were associated with less intervention engagement. 36 Additionally, research suggests diabetes patients with more depressive symptoms are less likely to adhere to self-care regimens in general. 37 The sense of hopelessness associated with depressive symptoms 27 may contribute to suboptimal engagement with a variety of health-related behaviors.
In order to develop a stronger understanding of subgroup-specific barriers and challenges to using mHealth interventions, future research may benefit from using more qualitative methods to probe populations identified as having low engagement. For instance, focus groups can shed light on why older adults may be less inclined to respond to text messages than middle-aged adults and the reasons for this. After identifying the reasons for less engagement, mHealth interventions can be customized to different user groups. This may involve sending text messages less frequently (if certain groups express annoyance with texts), including more personalized content (if expressing boredom or lack of interest), or supplying more resources and assistance (if technical issues are an issue). Through additional user-centered design approaches, such as participatory design, 38 user groups can be involved in the intervention design process. Actively involving users in decision-making may reveal groupspecific preferences for the type of content they desire and the schedule for when and how its received. Using participatory design methods with racial/ethnic minorities could also generate population-specific content that may help facilitate engagement. 33 Once an initial intervention design and build is in place, usability testing can further elucidate patient perceptions. Using mixed methods in usability testing, such as questionnaires and interviews, can provide a deeper understanding of how and why patients choose to engage with a technology-based intervention. 39 Such an approach could be used to further explore why individuals with lower health literacy are less engaged. If the issue is directly related to one's health literacy status, content can be modified to an appropriate level of understanding, or family members can be leveraged to close the health literacy digital divide. 35 Lastly, future research should explore whether providing motivational and inspirational content may encourage engagement from individuals with depressive symptoms.
There are several study limitations to acknowledge. With any technology-delivered intervention, there is the potential for technical issues (e.g., system delays in sending text messages) and glitches. We experienced some technical issues, which might have limited the opportunities for engagement. In spite of this, we found significant associations between patient factors and engagement within the opportunities given. In addition, our IVR content might not have been appropriate for all levels of health literacy. We ensured our text message content was written at a fifth-grade reading level, but the IVR questions might have been more complex and difficult to understand for persons with lower health literacy. It was a challenge to sustain IVR engagement regardless of patient characteristics, as evidenced by the decrease in IVR participation after five weeks. Studies that engage participants for a longer period of time may find a different pattern of associations. Additionally, it is unclear why participants did not always respond to the two-way text message within 24 h. Future research might conduct a review in order to examine how engagement with mHealth technology changes across the course of an intervention and explore possible reasons for this. Our relatively small sample size might also be considered a limitation; however, we were able to detect significant associations between a priori defined patient factors and SMS or IVR engagement that contribute to our understanding of intervention engagement even with this small sample size. Finally, we recruited low-SES, diverse adults with T2DM from a single FQHC in Nashville, TN, potentially limiting the generalizability of our findings to other patient populations.
CONCLUSION
There are significant gaps to address in understanding the impact of mHealth interventions. Despite their potential to improve patients' health in diabetes and other chronic disease contexts, 17, 21 the average rate of engagement in mHealth interventions is often 50%.
20,22
While mHealth intervention research often reports the engagement rate for the studied sample, studies rarely report the relationship between patient factors and the probability of engaging with an intervention or any of its components. Our study addressed the latter by identifying patient characteristics associated with SMS and IVR engagement in a medication adherence promotion mHealth intervention. Furthermore, the groups who were less engaged are groups who are also less adherent to diabetes medications and have suboptimal glycemic control.
3,4 mHealth-delivered interventions have the potential to benefit traditionally hard-to-reach populations. However, it is difficult to promote their value if persons most in need of their support are not engaging with the intervention. Because they elicit rich and descriptive data, focus groups and participatory design are potential avenues for understanding and addressing the low engagement in these at-risk groups. Leveraging mobile phones may not be the best method for delivering interventions to certain groups, or there may need to be modifications to the way these interventions are delivered. Our research highlights the need to ensure high rates of engagement across patient groups, so all patients have an equal opportunity to receive an intervention's potential benefits.
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